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Structure of the Intracellular Ca2þ-Binding Domain of NCX1.1 by Site
Directed Spin Labeling
Neena Dixit, Sunghoon Kim, Gage Matthews, Eric J. Hustedt,
Charles E. Cobb, Albert H. Beth.
The cardiac Naþ/Ca2þ exchanger (NCX1.1) serves as the primary means of
Ca2þ extrusion from cardiomyocytes following the rise in intracellular Ca2þ
during contraction. The exchanger is regulated by binding of Ca2þ to the intra-
cellular domain. This domain is composed of an a-catenin-like domain (CLD)
that connects two structurally homologous Ca2þ binding domains (CBD1 and
CBD2) to the transmembrane domain of the exchanger. NMR and X-ray crys-
tallographic studies have provided structures for the isolated CBD1 and CBD2
domains and have suggested how Ca2þ binding alters their structures and mo-
tional dynamics. It remains unknown how Ca2þ binding to the intact Ca2þ sen-
sor signals the transmembrane domain to regulate exchanger activity. Site
directed spin labeling has been employed to address this question. Conven-
tional EPR experiments have shown that residues in the structured b-sandwich
regions are insensitive to Ca2þ binding and that the a-helical region of CBD2
remains intact upon Ca2þ binding. Double Electron Electron Resonance
(DEER) measurements on doubly labeled constructs revealed that CBD1 and
CBD2 are not lengthwise antiparallel in close proximity but rather residues
in the distal ends that connect to the CLD are greater than 60 A˚ apart. DEER
measurements between inter-domain residues nearer to the apex of the Ca2þ
sensor are in close enough proximity to be measured by DEER and these dis-
tances are sensitive to Ca2þ binding. These inter-domain distances have been
employed to construct a working structural model for CBD12. The current stud-
ies are in reasonable agreement with SAXS studies by Hilge et al (PNAS
106:14333-8, 2009) and provide new insight into a structural rearrangement
of the intact Ca2þ sensor that may be involved in regulation of Naþ/Ca2þ ex-
change.
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High-Resolution Myosin Structure from DEER Using a Bifunctional Spin
Label
Rebecca J. Moen, Evan Smith, Roman V. Agafonov, Yuri E. Nesmelov,
David D. Thomas.
We are using site-directed spin-labeling (SDSL) and dipolar electron-elec-
tron resonance (DEER) to study the structural dynamics of proteins in-
volved in muscle function. Muscle proteins are ideal systems for DEER
applications, since these proteins form large dynamic assemblies that are
inaccessible to crystallography and NMR. DEER is a pulsed ELDOR tech-
nique that detects the spin-spin dipolar interaction as a decay and modula-
tion of a spin echo signal. While the CW EPR spectrum is sensitive only to
distances on the order of 1 to 2 nm, DEER is sensitive from 1.5 to 5 nm
and more. DEER is sensitive to the width of the distance distribution and
can resolve multiple structural populations simultaneously. However, a lim-
itation of DEER is the use of spin probes with flexible linkers, which adds
uncertainty to the locations of protein backbone atoms. A bifunctional spin
label (BSL), which attaches at position (i, iþ4) of a helix, was used to
measure the distance between two di-Cys pairs. BSL is rigidly coupled
to the protein backbone and is a breakthrough for high resolution measure-
ment of orientation, dynamics, and distance. These distance measurements
were compared to conventional labeling of cysteine residues with MSL/
MSL pairs.
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Regulation of Nonmuscle Myosin-IIA Filament Assembly/Disassembly
K. Ilker Sen, Michael D. Brenowitz, Steven C. Almo, Gary G. Gerfen,
Anne R. Bresnick.
The assembly of myosin-II into filaments is required for cytokinesis, cell mo-
tility, and the maintenance of cell morphology. Myosin-II filament dynamics
are under strict spatial and temporal control; however, the molecular mecha-
nisms modulating assembly and disassembly are poorly understood. Our stud-
ies focus on the contribution of the C-terminal coiled-coil and the nonhelical
tailpiece to the regulation of myosin-IIA filament assembly. We probed the in-
trinsic dynamics of the coiled-coil and its interaction with S100A4, a major me-
tastasis factor. Using sedimentation equilibrium, hydrogen-deuterium
exchange, and thermal melt CD spectroscopy, we showed that C-terminal
coiled-coil of the myosin-IIA heavy chain exhibits significant conformational
plasticity. We propose a mechanism in which S100A4 binding to the C-termi-
nal coiled-coil locally unzips the two polypeptide chains of the dimeric myosin-
IIA coiled-coil, and thus modulates myosin-IIA filament assembly. We are
testing this hypothesis by using electron spin resonance (EPR) spectroscopy
to monitor conformational changes in the myosin-IIA coiled-coil upon
S100A4 binding.792-Pos Board B592
Conformational Change of alfa-1 helix of Kinesin
Satoshi Yasuda, Masafumi Yamada, Shinsaku Maruta, Toshiaki Arata.
It remains to be clarified at submolecular or atomic level how cooperative nu-
cleotide and microtubule binding at two kinesin motor domains is controlled.
We have used site-directed spin-labeling and electron spin resonance (ESR)
spectroscopy to detect a nucleotide dependent conformational change of mono-
meric kinesin. Nitroxide spin label was placed in cys-lite kinesin5A (K349
monomer) at amino acid residue 62, 66, 67, 70, or 72. These residues exist
in alfa-1 helix. C-terminal residues of alfa-1 helix form a part of a nucleo-
tide-binding pocket. Therefore I have investigated the effect of nucleotide-
binding to conformation of alfa-1 helix. Firstly, when microtubules (MTs)
were added, all spectra were broadened. These data indicated that the mobility
of the alfa-1 helix was restricted by binding of kinesin to MTs. Secondly, when
ADP or AMPPNP was added, no spectrum change was detected. These data
suggested that upon transition from the ADP form to AMPPNP form, no con-
formational changes occurred at the helix. Finally, the residues 67 increased
mobility but residues 66 decreased upon transition from ADP-binding to
non-nucleotide form, suggesting that the helix rotated by releasing ADP.
From ERP spectra, we can estimate distance between spin labels. In order to
confirm the hypothesis, we plan to measure the ESR spectra of double spin-la-
beled kinesin.
Molecular Dynamics I
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Atomistic and Coarse-Grain Computer Simulations of the Assembled
AcrAB-TolC Multidrug Efflux Pump
Thomas H. Schmidt, Nadine Fischer, Martin Raunest, Christian Kandt.
With known antibiotics losing their efficiency faster than new ones can be de-
veloped, a better understanding of the underlying molecular mechanisms is par-
amount. Multidrug resistance is often caused by an over-production of efflux
transporters that expel drug molecules before they can affect their targets inside
the bacterial cell.
In Escherichia coli, AcrAB-TolC serves as the major multidrug efflux pump us-
ing proton-motive force over the inner membrane to extrude drugs out of the
cell. While X-ray structures have been solved separately for the individual
components, the best structural information on the assembled efflux pump is
a docking structure based on biochemical cross-linking data [1]. To gain insight
into the conformational dynamics of AcrB, AcrA & TolC in complex, we have
embedded the docking structure in two phospholipid bilayers solvated in a 150
mM NaCl solution. Asymmetric AcrB was considered and each monomer sim-
ulated in a different protonation state as suggested in [2]. To assess the influ-
ence of AcrA, we set up a second model without the periplasmic adaptor
protein.
To study subunit interplay, complex stability, flexibility, protein-membrane in-
teractions and the dynamics of transport pathways, we carried out multiple mo-
lecular dynamics simulations of Acr(A)B-TolC in atomistic and coarse-grained
representations on a nanosecond and microsecond time scale. All simulations
were carried out in GroMACS 4.0 using the GROMOS96 53a6 and MARTINI
force fields.
[1] Symmons et al. (2008)-PNAS_106(17):7173–8
[2] Pos (2009)-BBA_1794(5):782–93
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Multiscale Enhanced Sampling Simulation and its Application to Intrinsi-
cally Disordered Protein, Sortase A
Kei Moritsugu, Akinori Kidera.
Protein free energy landscapes derived from all-atom molecular dynamics sim-
ulation have played an important role in the elucidation of protein functional
dynamics with high structural and energetic resolution. Since the characteristic
time scale of biologically relevant processes such as protein structural changes
far exceeds the feasible computational time, the calculation of protein free en-
ergy landscapes requires the acceleration of sampling and mapping along the
reaction coordinates or the pathway of structural change. Here, a multiscale
simulation method, ‘‘multiscale essential sampling(MSES)’’, has been pro-
posed for calculating free energy surface of proteins in a ‘‘sizable’’ dimensional
space with ‘‘good scalability’’. In MSES, the configurational sampling of a full-
dimensional model is enhanced by coupling with the accelerated dynamics of
the essential degrees of freedom. The Hamiltonian exchange method can re-
move the biasing potential in MSES, and allows us to derive the free energy
surface of the essential degrees of freedom. The formula of MSES ensures
good scalability in the Hamiltonian exchange.
As an application, the MSES simulation has been performed of an intrinsically
disordered protein, sortase A, a transpeptitase in Gram-positive bacteria.
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served LPXTG motif with the help of a calcium ion, leading to adhesion to the
cell wall peptideglycan. The solution structures with and without a peptide
(LPAT) reveal that a disordered loop undergoes a disorder-to-order transition
upon peptide binding. Comprehensive conformational sampling of the disor-
dered loop has been performed to elucidate how flexible the disordered loop
in the peptide free form is and how the peptide and calcium binding affect
the flexibility. The free energy landscape thus calculated clarifies the role of
the calcium ion in the enzyme activity.
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Molecular Dynamics Simulations of Anionic Lipid Bilayers in Presence of
Calcium Ions
Wei Zhao, Valentina Corradi, Peter Tieleman.
The negatively charged phosphatidylserine (PS) lipid molecules contribute up
to 17% of the lipid composition in mammalian cell membranes. Experiments
have shown that PS lipids, in presence of Ca2þ ions, are involved in a number
of membrane-mediated processes such as phase separation, membrane fusion,
and protein topological changes.
However, although experiments have been performed aimed at understanding
the interactions of Ca2þ ions with PS lipids, the detailed mechanism of Ca2þ
induced changes in PS-containing membranes is not well established. This is,
in part, due to the lack of conformational information at the atomistic level
in experimental measurements.
Molecular dynamics (MD) simulation is a powerful tool in elucidating phenom-
ena at the molecular level and has been used widely in the field of biophysics.
Specifically, several atomistic MD simulation studies have been performed to
study the properties of model membranes containing PS in absence and pres-
ence of Ca2þ ions. However, it remains challenging to observe changes in
membrane structure due to the presence of Ca2þ ions.
We are using atomistic and coarse-grained MARTINI simulations of mem-
branes containing PS to study the role of Ca2þ ions in modifying structural
and dynamic properties of the membranes.
796-Pos Board B596
Lipid Protein Interactions and Dynamical Properties of VDAC 1 channel
Rodolfo Briones, Saskia Villinger, Vytautas Gapsys, Ulrich Zachariae,
Giller Karin, Christian Griesinger, Bert de Groot, Markus Zweckstetter.
VDAC-1 (Voltage Dependent Anion Channel) is one of the main components
of the outer mitochondrial membrane. It is responsible for the transport of ATP
and other anions, and it is involved in apoptosis and cancer [1]. The X-ray and
NMR structures [2-4] showed VDAC as a 19 beta-barrel structure with an N-
terminal alpha-helix bound to its interior. Mutations of E73 facing the mem-
brane could be associated with local perturbations of the surrounding lipids.
Remarkably, these changes are coupled to the intrinsic VDAC dynamics. To
address this we measured the the local average thickness of the membrane
and several structural properties of several E73 mutants of VDAC-1. Solution
NMR in LDAO and molecular dynamics of VDAC-1 inserted in DPMC phos-
pholipid patches were carried out. Mutation or chemical modification of E73
strongly reduces the micro- to millisecond dynamics in solution. The results
show the main distortions of the membrane are located around E73. The major
fluctuations of VDAC barrel were found to be correlated with the charge of
E73. The motion amplitude described as PCA eigenvectors show structural de-
formations of VDACmainly around E73X. The motions correspond to changes
of the whole beta-barrel structure and align with the position of E73X. These
results help to understand the intrinsic dynamic of VDAC and its possible in-
teraction mechanism with lipid membranes.
[1] Zaid et al., Cell Death Differ. 12, 751 (2005)
[2] Hiller et al., Science 321, 1208 (2008)
[3] Ujwal et al., PNAS 105, 17742 (2008)
[4] Bayrhuber et al., PNAS 105, 15370 (2008)
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Development of a Coarse-Grained Model for the Surfactant Family of
Linear Alkylbenzene Sulfonates
Xibing He, Wataru Shinoda, Russell Devane, Olgun Guvench,
Kelly L. Anderson, Alexander D. MacKerell, Michael L. Klein.
A coarse-grained (CG) model has been developed for the anionic surfactant
class, linear alkylbenzene sulfonates (LAS), which are the most widely used
synthetic surfactants. The development work started from a systematic exami-
nation of tens of CG water models with different resolutions, interaction poten-
tials (Lennard-Jones and Morse), and cut-off distances. The relationships
between the parameters under specific choices of the above options and the
thermodynamic properties, such as density, surface tension, and compressibil-
ity, were found to fit simple mathematical equations. The limits of applicability
of these CG water models were explored by checking the melting temperature.Considering both efficiency and accuracy, a CG water model which includes
three water molecules in one CG site was chosen. Correspondingly, the LAS
molecules were mapped into CG sites each contains approximately three heavy
atoms and connected hydrogens. Structural data obtained from atomistic sim-
ulations and thermodynamic data from experiments were used as targets to pa-
rameterize standard potential forms for bonded and non-bonded interactions.
An extensive evaluation of the CG model for a series of different alkane mol-
ecules (aliphatic or aromatic, linear or branched) shows that the present model
is not only reliable, but also transferable. This point is crucial to assure that the
model is capable of representing different isomers and homologues in the LAS
family. The resulting model is easily implemented into standardMD codes. The
added computational efficiency permits the simulation of the self-assembly of
LAS solutions starting from a random configuration. The model is shown to ac-
curately reproduce the phase behavior of solutions of pure isomers of sodium
dodecylbenzene sulfonate, despite the fact that phase behavior was not directly
taken into account in the parameterization.
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Analysis of Amino Acid Sidechain Chi1, Chi2 Conformational Properties
Using Quantum Mechanical and Experimental Crystallographic Survey
Data
Xiao Zhu, Pedro Lopes, Jihyun Shim, Alexander D. MacKerell Jr.
Amino acid side chain flexibility is an important property that influences the
side-chain interactions in proteins as well as protein stability. In molecular me-
chanics, the conformational properties of sidechains can beis modulated, in
part, by torsional parameters. In this study, we analyze the conformational
properties of sidechains via quantummechanical calculations. One and two- di-
mensional chi energy surfaces were performed on dipeptides representative of
the amino acids. Analysis was performed for relevant peptide backbone confor-
mations corresponding to the alpha helical (alpha R), beta stranded (extended)
and alpha L conformations. Calculated QM energy surfaces are indicative of
the conformational properties of the different amino acid sidechains and
were used as target data for optimization of the CHARMM additive and polar-
izable force fields optimization as well as a the basis for explaining experimen-
tal observations the sampling of sidechain conformations in protein
crystallographic structures.
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Sequence Dependent Free Energy Estimates of Base Opening in
Arylamine-Induced DNA-Adducts
Eva Darian, Vipin Jain, Bongsup Cho, Alexander D. MacKerell Jr.
Environmental mutagens are strong inducers of carcinogenesis and can cause
DNA damage including single- and double strand breaks, DNA cross-links
and DNA-adduct formation. DNA adducts formed by aromatic amines includ-
ing 2-aminofluorene (AF) and 4-aminobiphenyl (ABP) can adopt one or two
out of three distinct conformations: B-type (B), stacked (S) or wedge (W), re-
lated to the extent of opening of the base out of the DNA duplex. Notably, AF
and ABP can assume either S or B conformations and the sampling of these
states is dependent on sequence context. To obtain structural insight into this
sequence-dependent phenomena, we have conducted potential of mean force
calculations using molecular dynamics simulations of 11-mer 5’-CCATCG*C-
XACC-3’ duplexes with varying sequences, where X=A, T, C or G and
G*=fluorine labeled-ABP or -AF. The analyses of the 15ns trajectories indicate
that the stacking of adduct is greater in G*CT than G*CA. Calculated free en-
ergy of G* base flipping shows the presence of the second minima of the
pseudo-dihedral angle at ~120, which corresponds to the S conformer, though
the ratio of S/B conformation is less than experimentally detected. Additional
analyses are underway to try to better understand the mechanism of S/B confor-
mational equilibrium and the impact of adduct-induced conformational hetero-
geneity on the stability of S/B conformations.
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Disaccharide Binding to Galectin-1: Free Energy Calculations and Insight
of the Molecular Recognition Mechanism
Ignacia Echeverria, L. Mario Amzel.
Galectin-1, a member of the conserved family of carbohydrate-binding pro-
teins with affinity for b-galactosides, is an important modulator of several
cell functions. In order to study the binding affinity and specificity of this
protein, galectin-1 was modeled with eight different disaccharides:
Galb1,4glcNAc, Galb1,4Glc, Galb1,4Glcb-OMe, MeO-2Galb1,4Glc,
Galb1,4Man, Galb1,4Frp, Galb1,3Arp and Galb1,3GlcNAc. Using molecular
dynamics simulations each ligand was unbound from the binding site by
a mechanical force. The free energy of binding (DG) was estimated using
novel procedure based on combinations of multi-step trajectories (MSTC)
(Echeverria I, Amzel LM. Proteins. 78(5):1302–10), which uses Jarzynski’s
equation (Jarzynski C. PRL. 1997;78(14):2690–3). Estimated binding free
